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(54) MOLECULAR COMPLEX COMPOSED OF CONDUCTIVE POLYMER AND HIGH 
MOLECULAR ELECTROLYTE, AND MANUFACTURE THEREFOR 

(57)Abstract: 

PURPOSE- To provide a conductive polymer composition superior in optical property, 
conductivity, workability, etc., by including a molecular complex, which is composed of high 
molecular electrolyte and conductive polymer and which is manufactured by template chemical 
polymerization. 

CONSTITUTION: A high molecular electrolyte, having a function as a template [for example, 
poly (styrene sulfonic acid)] and monomer (for example, aniline) are connected so as to form a 
template-complex. Next, the monomer is oxidized for polymerization by an oxidant, and a 
molecular complex, which is composed of high molecular electrolyte and conductive polymer, is 
formed so as to obtain a workable conductive polymer composition. Free high molecular 
electrolyte molecule is preferably eliminated so as to purify the molecular complex by solvent 
extrusion, which includes Uquid extrusion and solid extrusion, from the reaction mixture. A 
conductive polymer composition, which is thereby obtained can be formed into a powder, fiber or 
a thin film. 
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X. ^^wt^ (A) lii^nmm.ii^xT' (b) m^b. 
-c, (A) isii^^mmm-^'^^i. (b) 

^'f7'243<fct/ (C) 10 

-h- (AN) „^Sr?I^J*$-1i:fc^, ->^>' h (c 
<fci7AN^®J^t;a-&^-ti:-Cia5^^-l»^Ki:Smf4d<y-v 20 

6 1 5 bB«(7>:^?*t-# p>ix/cS/&}S-a- 
Sit- •5:i^-e*joT, ^s^^lil*3itm@tta^s^■&tf@! 

[0 0 0 il 

(«^±co?tjffl5>i?i j»mttJKy'v-t;ii5> 30 

^mm^ t*^hf£^ '^^^w^ <t xf^<om^m\m-t 

(0 0 0 21 

(conductive 
po 1 yme r) tt, ^:<om/j:«^|S(<]Xt53t^e<Jtt 

-^y^'yif T:^]):^ (R. B. Kaner and 
A. G. MacDiarmid, Scientific 
Ame r i c a) , 2 5 8 , 106 (198 8) 40 

'^-f >\- (conductive paints) , "T 
^tt«^lHl2S« (flexible electric 
al circuit boards) '^(DWM^^ 
(electrical connection), S 
SS&tSt (electromagnetic shiel 
ding) , l^i^W^k (anti-electros 
tatic coatings) ^.eift l^Xi^m-T?, r 

ight filters). Mf^U^^ (thin 50 
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film light polarizer), feW<0 

^■ftrt''2>^^^ (color variable pai 
n t) AX^^BBift^i^'X (nonlinear op 
tical materials) i LT<?3*SffliSBrt6 

^H'feV^ (doped or undoped) ^t^i^ 

(electrochromic dis 
play devices) R.XJ^ Yi^ir 
' ^'^V'^ (electrochromic win 
d o w s ) h \.X<Dm-mfm-^hfii^o 
[00031 MW&if-^)-^~^mn>~mi^tS:-)sm\Z.X.iX 

^ficyx^ ©jSJjDX (solut ion — proces 

s e d) izm'?>:iti-mmvh?), mmi-?3t. 

T=^v>'i-mm-r^m\^'9m-ri><ox\ mmvoL (me 

1 t-processed) \±nx.ti:\\ <t6,(^^ffit±jK 
y |W|«{^J!niX14?Sr*b75:v>B3Sas&Sfci?>. « 

[00041 mm^^ y -r— i*, K-f>'<>'^ixfc^« 
tbfc (d e - d o p e d) imf.^(rmmzmSiiri>^t 
K— fc°>'^^$nTV'«j'<cv^^yT=^y N-/ 

^/Hf a y v?y >'5lTJ«8 0%ftg6}c:*fL-C(SV'«^«?ttSr 
^LfV^S [TVv'^tnT'ny?.^, (An g e 1 o p o u 
los et al),Mol. Cryst. Liq. 
Cryst., vol. 160, p. 151-163 

(1 98 8) ] o :i<r>mm^hnhinit.m&i^'mMm\z. 

(re-doping) cmmXh'O. K-^^V 
(dopant molecules) (OW!.i^fj:mW^ 
cf>'^ro}fAl^<t9 7-f/UAtcft,Si (cracking) 

[00051 m-mi±ff>mm(o:^ y r- y xom&^^m 

-Tiilsmt^lL^^iChX^fz. :t.ji^>'^<^-^~ (E 1 s 
enbaumer) (3i5S1*fF^4, 9 8 3, 3 2 2-^ 
daMB. 0 0 6. 2 7 8^] II. 1#S6<]*«S^bt4K- 

>' (3i7< ^/I'v'i^fiS (emeraldine bas 
e) ) <OK-tf:^^^$ttTV>^CV>tta6ro}gffiSr^«?^* 
it, sMTMii. 7Kf4<Og?t4jK»t^}c*3{tS«Stt7Ky-r 
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M^^^^ hrii^T- (host polymer) :^^hlt 

[0006] h'—y<>^hm^^h\c?^<f^^^xmm 

:^^^^®^"CtrSg{b^ii:5 (functional iz 

v"^— (J. Yue, S. H, Wang, K. R. Cr 
omack, A. J. Epstein, and A. 
G. MacDiarmid, J. Am. C h e m. So 
c . ) , 1 1 3 , 2665 (1991) ]cX. SV^T 
J\^^^U^Xnr/U^/U:^/U:^>m^ (sulfonic 20 

c h a i n) fi. ^mm^x\^7Mmm:^<Dmfm^ 

^(L. H. Dao, M. Leclerc, J. Gua 

y and J. W, Chevalier), Synt 
h. Me t a 1 s, 2 9 , E377 (198 9) ]o 

^mx:h^mmi^^cK) . ^-^-Ym^co^^g: (pi e i 30 

ectronic conjugation) ^Md^^ 

1 0 0 0 7 1 fl&co:^fi, ^mtt^y^— (^Kyifn — 

(7:):&-?fe(C*5l/>-CH. 55:i*^3t-ft:S»l (s t e r i c St 
a b i I i z e r) (i, TKy fa^/uxfi^rKy r:=i y 
(backbone) lUt^m^^LX^^^^ 

i^g (J. Chem. Soc. , Che 
m. Commun. ) . p. 2 8 8 (1 9 8 7) ; 

>r>^>$^^:7^>f ^ i^^oiVy^ (S. P. Armes 
and B. J. F. Miller and B. Vi 
ncent, J. Coll. Interface Sc 
i . ) , 1 1 8 , 4 1 0, (1 98 7) ; v?^— 
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-Jr— ixai^X (J. Chem. Soc. , Chem. C 
ommun. ) , 88, (1 9 89) ; AX^ (A 
rmes et a 1 ) . *IS#^IS 4 , 9 5 9, 1 8 

o^^mmA, 9 5 9, 1 2 6^3 o ^m^mmvm 

^thfz.\f:=-j\^\f^Jiy:yW-^^mm\^XV^^(DX\ =^n^ 
W^^y^^\^J>^^^S& (cast i n g) i-^JdHJiLT 

v>^:65^ mwy.\±mmTjm^%':i^f^mmMm (f i b r 

ous morphology) LXV>?JfV\ 
[0 0 0 8] hn^n^-z^J'igecoW^-C 
C-V^-e^ (Yang e t a 1 ) . *B#fF^3 7 

3, 19 5-^) . mm\:»m^f^mtm'^L.^^^^'7- 

(color-switchi 
ng responses) V'^i^ ^"^y 

(Hw a n g e t a 
1, Synthetic Metals). 2 9 ^ E 2 
7 1— E 2 76 (1 9 8 9) \yrl^^h. i^^^'r'r ^ 
(Zhang etal,Synthe 
tic Me t a 1 s) . 2 9 . E2 5 l'^E2 56 
(1 98 9) ; ^yrV-^??. ^AT— yl-^>^ v^^-tKv? 
^> A ':fxil/^^ ^l^^^ (Zhang et al, 
MRS Symposium Proceeding 
s) , (1 9 90) ; t 3 !> K— ha-ir^;?; 

^ (Hyodoet al, Electroc 
hemical Acta). 3 6 . 8 7-^91 (19 

9 1) ] o ^.(D^bfiimm^. '^w&M')^—^xm'i^ 

mi^jii^mmir^a^immxih^o s^^t^wm-a-f^. 
:kmm^^t^m^'^^tci!^^a'±^i^xm'W^x\±fj: 

(1) mmi^V'^-(7:>wm<Dm£&xmm\^mmxi> 

(2) =3-x^>'i/. fnmfiffi-a^ (compo 
u n d i n g) \cm^\x$>^mm^^v^-m^t^(7)^ 

y-r-^-^ft^cosfl^flg^ 

[0 0 10] 
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mftii ^ t i^^mta'r i^zfv— h^ft^a^ (temp 
late — guided chemical poly 
merization) W^ljffl^^tf "btO-efoSo 

-frT*i^?. ADX(ct^J-efo-5o 10 
[00 11] Sfc. :mmi.. giLTcO* 1~* 3 

*J_ 

T^v-r K^k^s^ic J: f?iliig^nfc5^m&^ti• 
(A) S5^5-^-m^K*JJ:t/ (B) ^S^^y-^-Sr^if 

i4jK y ■r—-ch^u^mm<r>m0.^o 

* 3^ 

(A) :45^ft:i:LTlE<0®i^^W-r-5i«5>T-m« 
T-fo"?. (B) :6S^<$i: L-CA(r>liWSrW-r 

*_4 

^5)- (A) ds^i^t L■rAwm^t^*-r^)iti^^^wsK 

*^ 30 

(A) as^i:*:i:LTEco^^S=$r^-rSi«5>T-®/»« 

* 6^ 

f$.^ (A) >^>'i'7)>>^/^P>mc-5-n 

{Ti^Djvm i3i:Xf^<D]&^ TKy (2-T^y/P7'^ 

K-2-/^/'1'-1-7'd^>';=^/1'*:>'^ tJ<tt;«^(7> 40 

y (p'^ii'y/i^ *3j;tj5^w^ta-^f*;. 

* 7_ 

(B) asTiEWJKy-v-d>ibiitfti.fc^mt4^y-^ 
--efcS2.(cia«roi»^ife:>Kyr-y>', sKyfn- 

K) , ^y (p-^^-U'::/) , >*?y (:7^-u->'tf- 
i^:^) , ^y (7y U':^fcrnu>') , iHy (*yi-^<>'— 

>'!') , THy (^3:::^W'>'K'-U'>') , >HyT-fe^V'>', 

TKy u y^r-^-p'^W'^') fcitz-ew^i*, 50 



*_8 

(A) iti^>T-mfi?«^'f7'l. (B) iii55-^mK:5''1' 
>^2*5J;05 (C) ^®<4^y-^-/4^^^iS5H^(*Sr-^ 

* 9^ 

f$.^ (A) isiu'j^e^)' (B) t^GjcmmoyM^'FmMW 

* 1 0 

^^5- (A) :iS:sKy (TiJ'y^l^) T'fc^?, (B) 

*y ^^5- (c) asjKy 

T=y >'-eS)S_9f;:ie^wiiffl^!feo 

* 1 1 

(B) ;6S7KyT-y >'-CS>S_2(c:K«roiii§^m 

* 1 2 

jS^J- (a) ilSjKy (2-r:5'y/WT5 K-2-;^^>'^- 
l _^a^i^;;^yP5j^:^gjj) ffcij, ^ (B) lis^Kyr 

- y 2_jci5«(OiiBj*#io 

* 1 3 

(A) jJSsKy (r^-yyu^) ■Vh<Q. f$.^ (B) «s 
d< y y «>s 2^{c^«rc»ijflfig!|Sjo 

* 1 4 

(A) ;dS7Ky (:/^? v'^^— ^ W T-fet). 

fig^)- (B) :dS:i«yr::iy^'T?fcS2^{C|attroiW^!telo 

* 1 5 

f$.^ (A) :iS,Ky (TiJ-y/l^) T'fcO. (B) ;S5 
jKy (.2.-Ti^ Uyl'T^ h'-2-:!itf-/l^-l--^a^>' 

-efo?). (c) ASji^yr^yv-efes 

* 1 6 

fig:J> (A) ti^V (2-r^' yyUTS K-2-;^'?^/^- 
l -7"^'<:xxy^7J^>'^) tffc'?. fig^ (B) ;S55j<y 

» 1 7 

(A) iSd<y (;^5^U'>';^/P*::^®?) T-fet), fig^ 
(B) *S^y Ifn— /l'-C»fcS_2tC|Bm(Oiffl^i^„ 

* 1 8 



7Ktt*fcli#^7Ktt^*v Miring K4*®iSffe 

* 1 9 

* 2 0 

(AN) „^f*:^J^fig^iirfc^> ir^i^^^ h\Z.X^^ 
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* 2 1 

* 2 2 

* 2 3 

* 2 4 

* 2 5 

^ 2 6 20 

(B) -2 2?;i|aifegtlfcAN(0:^=¥v'j^>- K 
^ 27 

* 2 8 

mm^tix\f^^2o\z,^m(D^o 

* 2 9 

* 3J_ 

2©PK^;$^Sr^ffl-rs*i& 
^ 32 



#W^7- 10 5 7 18 
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* 3 3 

* 3 4 

* 3 5 

[00121 smmi^^xn^ * y r y 

'nm^m^(Dmm^^\^x\^^^o rtibo^Wfi. 

ectronic system) {cliioti'S/K^ n 
(p o 1 a r o n s) lC}^3MT^h<OXh^ 1=^—. 

^ ^ y (A. G. MacDiarmid, 

J. C, Chiang, A. F. Richter, A. 
J. Epstein, Synth. Metal) ^ 1 

_8. 28 5 (1 9 8 7) ; t — . ^A. -^i^^ y-f 

fjfV n ^ a.^^'Jr— e^'H (p. M. McManu 
s, S, C. Yang and R. J. Cushma 
n, J. C. S. Chem. Soc. , Chem. Co 

mmun. ) . 1 556, (1 9 8 5) ; J^A. 

y— (P, M. McManus, R. J. Cushma 
n, S. C. Yang, J. Phys. Chem. ) . 

9 1 , 74 4 (1 9 8 7) ; yU. i/in^. ^ y^yz^ 

V. v^-r— :^yl- hnr-t-y n.^;«r/U 

>^hy— (R. J. Cushman, P. M. McMa 
nus, and S. C, Yang, J. Electr 
o a n 1 . Chem. ) , 29 1 , 33 5 (1 98 
6) i^. -r^^^T^K v?:ii>r. :^ 

Zfi^:^.^^ V (A. G. Ma c D i a r m i d, A. 
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J. Epstein) > Faraday Discus 
ss. Chem. Soc. , 8 8 , 3 17 (19 8 

'feHJi^fi^-rsffli^iii-foSo (p i 

conjugation) }c<t 2)3i@ife45-^-i-t&SrW 
clouds) M<^H''iMv^f6ffl<^5H=-W5l;'3 ( i 

n t e r — m olecular attractive 

forces) ^^r-rsfc*^ic, ^mi4jKy-7— jiJn 

W§l^ (intercha ina ttrac t ive 

forces) (Ditit>\^^ mW.{±^ V ^—iii. JIJDXt^^ 

[0 0 13] ^i^^cDmiff^mrx-mcsemL-tcx^ic-^ 

^CTV>ScO-r% «^«jtRtJ^^^ga^ (mo 1 e c u 
lar conformation) ^W^V^^Sb (p 
e r t u r b a t i o n) ih^lCfm^tlit.:^ V 

(00141 *5i^}c*jv^Ttt. ^s^45Ky -^—i^mm 

6<mm\ rco.^^sr^^-rso *-co^mt4^y-v-« 

ffii:gg»x- (^j^(ix=so3) 7:imm±<^P«'m<Dtc 
J?)Sm4^y^-<D^1*»-**ife-&U-CV>-5i:# (0 
1) 5 K (Ma c D i a r m i d) v' 

■Y—i-^l' ■ • r> y • ViJ-jiT"^ — 

( J . Am. Chem. Soc), 113. 2665 
(19 9 1) ; =c.;v. J:^^. (L. H. Da o) 

Synth. Metals. 29, E377 (19 

8 9) 3 . »fi:t45Ky■=!'-(o^■'-^'«^=■^^4*es$t^.«.o 
^y^^w<r>mf^ (01 -b) {1. -fb^e^jicesi^nfc^ 

10 0 151 rn&w^^^mc:s^<*m(Dfl6(^m 
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(1) ^®f4^y^-wSB^roi!i3i&tJ58£ifi (cast 

i ng) \z.:^mfmwses^]}^-¥kw<Dim.-^it.\-m:^ 

10 

(2) ^—T^^^if^ (painting) , PPiRlJ 

(3) M#. ^fflyinx*ytiigE-^co7t«)(c^r^iJ^<c^iitt 

jKy-^-«&(4:(D|lf*cKflgo 
20 ( O O 1 6 1 0 2 (1, »mtt54<y COt^^-T/U— 

fifero— j^^iSfefe^TF-To h (TEM 

p. iai<^;*jja) ii, r— y>*y-r— (AN^fcfiH 

+ AN) {Cl^U TEMP- (AN) r^^l^W-^T^ 

MP(Draw§|;^)i±, ^y-^— ^t'vt'u— K^^roRM 
^18 (cylindrical volume) 

\L^hib^it.ih(r> (1) sa5fi:#^wi*^ (^tJxrf, ga^i 

ti. imi^^. m<Dm.^(Dti) *7ti4 (2) 

30 %COM^" (territorial bindin 
g) Ci?— . 3;;^. -^=:.-^{f (G. S. Mann i n 
g) . J. Chem. Phys. 5 1, 924 (1 9 
6 9) , ^iU^8 9, 3772 (198 8)) "CfoSo 
=-yif (Ma nn i ng) !>>'^— ^;i->'if?§-^cDa 

(ro^a-H. AN+) ttrtonHi^l^tcjg^ 

So TEMP- (AN) „^^*^roffiffi (conf 

o rma t i on) "BcUWik (^aJxIi^l'/K n 5/ K, 
40 J^i?)ibti-*7tH#li^t^yc:^) (i, ANirTEMPO^W 

^nv^;t, ^^iSTEMP^Ii, S/jrSgaffi&Tjgi^ 

co^ir/i'JWSo ilS^^^xyhTEMP^^-C-^^. T 
EMP- (AN) „^f*fl^^(7)SiCr^*mi, ^^C-SttK 
«r^fi-rSM''.C'5TEMP- (PAN) SrtifffUfSo 
10 0 171 TEMPjJfy'^— (^J$^gPfi:5:^m6<Jfc$ 
h^V^Sk (solution medium) 

50 TEMP- (AN) „^SrJi?^Sfe«>CDTEMPJi 
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^(r>AN<7>A^ (loading) <om&^^lib^ Z h 

{C ^ b ^ tlfcf^^min. ^Mi^'PX-T E M P ~ (A 
n) r^mW<Di^—fmi:mm^^tci!b<D^—:^-(>hi: 

^mf)^i:^rRyip- (an) r^^^'^fiSL(o-^^\^(Dfz. 

[0 0 1 8] ±|aTEMP- (An) n^l*}^*^— ^<^S 
(species) t?&?). ^COfcAi>PAA-PAN® 

m^tfJ:^o M. W. 2 5 0 O 0 0(DPAAC7)55^^^^ 

IX itlht^i^-^j:TEMP~ (An) rx^m^hMit 

^fi^jS-a- (Hwang) i^l^^^^y^ 

- ^^'/UX (Synthetic Metals), 2 
9, E271-E2 76 (1 9 8 9) \ V r "if ^7. 
ang) v'>'7^v^-< 'y:^^ • y ^/UX (S y n t h e 
t i c Me tals), 29, E251-E256 
(1 9 8 9) ryr^^'^ (Zhang) :^2^r--;V 
. iX:/7Kv^r>i:, . -rV >'^X (MRS S 

ymposium Proceedings), (19 
90) ;t:3 — K--(Hyodo)?5. ^r^l^^J'hav^-^ 
:^/\^ - Ti^^ (Electrochemical Ac 
ta) , 36, 87-9 1 (1 99 1) ) t^h<Oi^(r>h 

mWX-'h^. 7n^^tfr(?^J$l&fiPANlt^:iiig5V^ri:S: 
m^^b^W«-g^(^iSSf:i> l$|-?fcTEMP- (AN) r. 

orv>^o )^T<DmMm^'V. pssa-pan&ij^p 

AMPSA-PANC7:>^^*^j*(7>DSC (*^3SllftS 
ft) <r>m'^h. mi^mf$.i:7r^\^X\^^^o 

[0 0 191 S'&^-*5V^T. ^y-r— ANfiifig^i^^A 
Nb^^f^^L^X:^DT=^V>' (PAN) *r?I^^U T 
E M P - P A Nm^Jf^^-S ct 5 VT" 1/— h (C# 
*Lfc**-Xrfo'5o (mo 1 e c u 1 a 

r modeling) 7b>h. T EMPjiO^P AN^J^^^- 
fiT EMP - P ANCO^^^^CO^^^-Cav>{^;6^^3^o 
V>TV^6r i^a^W^o ^>^c^<^t>. TEMP '^-t PA 
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M7iaTEMP^H=•{-a>^f^Offll^T-^a«'IS:*^ 

[00201 SXT\::m7f^^ti^MM\^^ti\^. T EMP 
-PAN^mi7KStt*fcJ:j:^^/jt=rn>r K^JKSfc 
^i^^J^^^nfci^— 7i?l^ffi(^@<*:Tfo6o TEMP- (A 
N) ri^i^<^mm^TEMP^^(DmSil=^^^tiib. ^ 

[0 0 2 11 h>^i\:^tifcT:^v>'X$:>^r==-v=^ 

7K^4^03^#l^'g'figS**Lrv^-5o TEMPiANt^W 

^bTv>5o ^?S'5J$'g^;^;«^ts*fW^14fi. temp 

(DmSi^^x,^\^-:>tixm^:f^>o rtortfi. TKy^ 

— sm-a-^as^LTTEMP-PAN^^asfl^^^ 

tL'Si:. TEMPi:PANcoWcD?l:;^;fi. TEMP^A 
20 N (Dm<D^tit m c-T^fe-s i: 1^ cr*/<^v > r i: t «9 

[0 0 2 21 ^f$TEMP-PANi^oV>TCO— 0(7:)R 
^^^S-a-^a^TEMPiPANCT) 

mm 1 (DMI^n. P a N:6StSSi4<oS^ WJ^tpj*;**^^ 

^\^—V\Y!^m^<Dm^^tK ^;r:/i4TEMPi-Y;t>' 

t4P AN h (cpg^^^^?iv^r h <^*LTV>^o 
30 [00 2 31 -h|Eie«tc::JoV>T. T ::^^) J -=r—\±. 

^mcm'^^m^sfmhx.xm^^n^. ggtfct: 

fi. AN:dSft&t^^Sf4^y-^— <Ofl}^<a (b i n d i 

n g b 1 o c k) (7):^(-t^BJ--^'ftiT-^^o 

[0 0 2 41 TEMP- (xKyt^o— /u) ^f*:(7)fl^^cO 
ixv^x.. TEMPirfa— yucoF^(7:>^:^>'tt*fc{l7K^ 

(Py) ^coS^^^^fe^figcoiSa^i^S/Si^^'l-^ 
(Py) mfi> Py^y^-J:*9t<g:V»r;i-Wb^ 

50 ^ff-C^:^/,^ (— ^W(-ffl)< (Arbeit t r a 
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n s i e n t ) ) fjf-riri^h LT#SEi-S„ rtor. h 
ft. ^ / -r— P y CDT'n h ly-VcWSLnSLmti Uc^ 

ttflifiK*^ (py) rr^-^^^mr^o r<7):^-y =^-^-14 

^(D±lsbTEMP- ( (Py) r.^P^<^mf^ti X K> 
m^i^^i^o l^comB-K^Ki. TEMP- (TKytfn — 

[0 0 2 5] ±|5IWS±, 7Ky9^;r7 tKV (p- 

:^^^tbfc7Ky-r— (p-doped) ) T-fiOtfy 
^--C&So rtvfi, ^^y;*^;^>'5Jiffliaro^T-#?t 

^SiSll. 9v'*/l' (p o 1 a r o n s) ) 

*fc(iv?:*f^;^->' (^-W^^n^- (b i p o 1 a r o n 
s) ) ;asj!£;aSofc/-?-i'::*— tftJ'/i'ii^cofciKj^qifl*!}::^ 

[00 26] 

[0 0 2 71 ^/mS^H^m 30 
F S S A - P A Nfgj^ro-a-^ 

PS SA-PANSt^^O-a-^SfOfc*, r^^y^' (T/UK 

y i/^ii. flm@^^^ytt<o) 2. 7m 1 3 0%^^ 

D U^V'i'-;^yW7j>>'®0 ^ (P 

olysciences) . ^^^^S 70000) 20g 
>f(ciPx.^>„ ^i^Sr 3 0 Lfc^, 0 . 1 MJtgYt 

ISHfi^ 2mlS:tJ53 0%H2O2 2 m 1 Sr. tS^^Sr 

tv^o 7Kt?3 0f&{^#r^f?^tufc^^(O3t#Ki|3i:^-<^ 40 
h/l' (optical absorption spe 
c t r a) iK ia3&t54CD# 1 t UT^^ttS, 03 
PAN;d5^j*iom?^S(j (jK7n>-) (cK^^-T-S 
7 6 0Rn4 2 0 nm(7)3t^l|Xa^^W-r'5i^W» 

"P^^^ttfcigJii^coKilXli, #^PANS.t)5PSSA(0 
4:^ftlC0^-?'l'— z'^'fiS^ (pi— pi*transiti 
on) t— SrrS 2 3 OSU'2 6 2 nmCO^V^iSg^^K 

P S S A- P AN5H=^fls:Jl^^rofci?)ro^6<]S#tt 50 
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S:P'<SfcWc4-fi:*jJh^^ : (1) :i<y-v-ttfi-&ft: 

<D^<r>m&^7Frr:it. Rif (.2) ^^H^f*(7)*ffl 
mKmrnm^P S S a- PAN5>^^«i:§:#S7t»ic: 
ft^irT'^o-CV'/iV) PSSA^fcHPAN&^^fSr 

S SA-PAN(OS®i4(^>iHlrfero7>fyl'ASr»fEJS'f Sfc 

ie){cii:^f*ffl-r^ri::a5-c-^^) „ r»:^^-c♦ilf!i^<^ 

fc-y->7°7U-{i, 7C^*a;5fe5^W (elementalco 
mposition analysis) x WrF^^(^ 

mm : mmm i xmhnt^Lmmii. ':m(DP s s a, r 
^ y >5}-y ^i-^-Rrms^'f-m.mmw^^^^c mm 

-rSfc*!). ^^i:^ioTV^?:cv>PANfi(itA/i:*^VM± 

[0 0 2 81 i^(OPSSAf±. i-'<>'^/— yi<asp 
s s A^mMi-^ ;aSPSSA-PA N^f*:|±^<^? L^<ev ^ 

S^lifS«BllT-#C>ix:fc^v>if|^(0^;is. aiv>«fefe(oy/i- 

b \^XiliMrr^mt$^^mf^?> J: 5 5 0 m 1 <o 1 — 
^ y—/\-'P\cmiti^c yy^*fcfi^*;^^i, i— ^^-^ 
y — y^J!lS|^■^■(0 P s s Ai^nxti: < tK tttWi-'Sfc* 

^-f. rror irJiPS SA-PAN^>55l -'O^y 

-Mc^mibxm-fm'^:! t ^tt^ ltv>s (^tttu^ 

tt, P S S A<om^iKl®S5l5<o:T^*E!feKOfci!>{;iPJ « V 

hMi. 04(Dft^&# 1 i LT:T%^tvS„ PS SAW 
^#»!RlRCD2 6 2 nm(0>'<V KiiS^/^ fcWCfcSfc 

^^{igEJcPS SASr-^tfbcoir^Srir^s-tf^ 
-5, ia3SOTa4iC^^n-5 7 6 0. 4 2 0^.052 3 0 
nmCOPANCOS^tt. 0 5 t?li^e>n?iV^r t t^i 
i-'<#-CJfoS„ r<ori:J±, 1 — sv'^y— yu:as|IB^ 
iglcPSSA^ttm-t-'5;55^ PSSA-PANIitttUL- 

WiV^P S S ASrf->'7'yi'*»f>6S**-r4 r t Sr«at?# 

[0 0 2 91 ttad-t>--r^>'i'Srisi'9ig-r/t«>, tm (^it 
vifM li. 7k5 om ncs:a^«?^n, mi^M^-^ 
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r(3ori:fi. «lPSSAcD*ti2/3filIl]cottai 

[0 0 3 01 rcOtttUiaSfi. 5|HtMfe?)iS^tb. 

>^^>:^ h/Mi. ^^-^ — ^tlXms. 4RV^5\C7r^:^iV 
-So laeti, ttai;6ija^^9iS^t^'5^-oi^TPSSAC0 2 
6 2 n mCO/^^^ KcOKiR555i)^^>-r S :i t bTV>^o 

r h:d^X^ 6o 
[00 3 1] ^o;ii>co||j^^!|{c:*3V>r. 1 — 

/uttttji^q^t^ p s s Aco«i. m-m&mmz x^mm 



10 



i^vrX' c 
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[0 0 3 2] PSSAS:^*J^^V^fl1^>'://Hi. ^V^^C 

(^fi6ooo-8ooor-»$n'5) 
>^i^if»7o^-e-«$asLfco mss^nvhami. 7m 

• ^tK^ h y — X (M-H-W L 

aboratories) (P^ ify h 

(Phoenix, AZ) ) \cm^tlti. 
S N a S O . 



1 
2 
3 



5 7. 
5 7. 
5 7. 



3 3 
6 9 
9 3 



5.6 1 
5.8 3 
6.0 7 



4.3 1 
4. 4 0 
4. 06 
Id ^ 



11. 10 
11. 2 6 
10,99 



1. 27 

1, 68 

2. 38 



^4 1.0 
^4 '^^^ 1.0 



^3. 50^0.74 
^4. I ^0. 55 
"5.08^0. 35 



(CsHrSOaH) : (C6H4NH) 1. q: 

(H2O) y 30 

S:*-r ^ <J:i^-r^ r b jb>X^ 

[0 0 3 3] ilaWT'^SiiSC (empirical 

f o rmu 1 a) fl. ^y^— (-CsHy 
SO3H-) (-C6H4NH-) (PAN(7>3l5c 

^tiitm&<rmm) ^r^^^^-r-spssA^Rt/PANco 
[00 341 JiiS7cm5^W(7Mfip(t4{±. r=- 

V >^RXm^fj: P S S A-:h h y i^ifi-efc -5 >^5>r >^ K 

^f$, : r^y V^^Z-v— 1 Om 1 ^3M-HC 1 7 0 
®S^b7k^7K2. Sml&t/O. IM FeCl 3 2. 5 50 



MM : ^^:t^COPAN^4 0 Om 1 coo. IM-HC 1^ 
mX3\B\mi¥U 2fel/^-C5 0 0mlcDy:$^y— /UTi^ 
U #r 3 MmCO^y;^— tK^— h7«>'>^i^>':7^/u^ 
— (P o r e t i c s) ttM) XJSilL 

fco^^-^2 8. 8%(Dr>^=-r7Kxiim\^. 6^ 
ratSl^L/Co PANfi^fe(OK-:/^ttTV^/^V^?|^ffii: 

C : 7 5. 3 8%, H : 5. 0 4%. N : 1 4. 6 3 
%, 304^5)-: 0%, CI : 0%;T-fc'9. r;fX}iC 

L;d^L/^:d5^. ^^g^fc^Ky r:=iy ^'H. 

> (quino-imine) ^iiLCD^CD^M^onX 

mit(7:>m[tmi::r^mt^tifz,mmx^'r^o at 

[0 0 3 51 ^^l)-^-^^:^:^ (Polyscienc 
e ) f)>h(OW^^J:P S SA-r h V Aj^(?>f->'y^/Hl. 
ytm^^mcm^tl. C : 3 8. 9 7%, H : 4. 16 
%, S : 1 3. 9 4%, Na 2 SO^E^^ : 3 7. 8 6 



( 
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3. 84Nao. 7o ?r^x.So r tbJi. m^AC a H 
ySiOsNai* (H2O) i:— Scl-"CV>^o 
[0 0 3 61 W^fjlPANRV^PSSA-ThV r^Ai^co 

'Hm(r>7m^m}^^r-im'v% ^ r t ltv>^o 
1 0 0 3 7 1 1 T'-a^/s^tuyh^t^sfcD J: ^ nm^m 

9Sf;i. ±i6copsSA-PAN5>^@^2^coPANg65> 
p s s Aiz-r^xf^^ bfcTK y r y ^-^^-t^^o 

fi. TEMP- (AN) rx^^<^m^:i^^<Dmj^f^iM<L 
(nucleation site) t^^&'S f9 . I^^t 
bT#e»tt^PANfl^S(?^5>^^*i^'5o Si^r^*f+>R 

^f^<DPANU^(D^^m^^hmm\^'^^o 

PANiD^i^^'f^mAm^l/^t P S SA-PAN^^tK 

So 

^^xfci^v-t/yHcoV^Tfi. P S S A-P AN^Wi. 
M(Dm&X*:k>^a -hia^(7?^S5 (green solu 
t i o n) 0, 2 jum(D7jfri^^X(7)^ y 7KT:7^ 
/u^— Sr^xiL. 1 . 6 X 1 0 s g*ni^ST-(59tiis'i:^5)' 

0. 997—0. 7 9 cor^xmt^-^fco 
[00381 mmm\t.. ii«(o-aico. ^mn. 

ymi XltmmizX^. it^mc h^-y (dope) X 

9. ^^^{^(7yim^mmL^tf:^\ uv-v i smm^ 

(p. M. McManus) , T— /k v^^-f. ^ 
v^rL-vV (R. J. Cushman) :}oJ:r/^>^. v- 
— -Y^" (S. C. Yang) , J. Phys. Che 
m. , 91, 744 (198 7) ; /U. v^^n-Y. ^ 
y^y^i.'^l^ (R. J. Cushman) . t°^, ^A. 

(P. M. McManus) *Jctt/:3i:^. v- 
^. irV' (S. C, Yang), J. Electroa 
nal. Chem. , 291, 335 (1986) 

WD^mm (3^^v^L^{bK^ioi:t;?:/^ h>^<t:4^^) 
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\z.^\.1tJm^^h}£^^:Lh^7v^\^xyi^^. :L(oz.h 

i^m\m-^^mw^'i^-^^^x\^^^-(otix 

^mo^'E.^m (©?5<ifiEg^;/j) 255#fti-6:a>tbn 
7Sv^ri::^5^|®^t^S. ^yr^i^y ^(D^^ 
xjVi^\'C^ Mz.^ *fec^iffe»ft:fl^ffiTfim<^^^ bTV ^ 

-PAN®m-(i. a^lS5l;^Jiffffib;iv^T*fe^5o 

[0 0 3 91 ±|EtD|Sic{-*5V>r, PSSA-PANCO 
10 j^ftltiJi^ «e*(D:;^T-iijg^tL7tPANco-ttuirS^b 

<^wmx^i>:Lhim^. pssA-PANtoga^ 

V>Jc:<V> (intractable) \^(OX^^^ 
[0 0 4 01 PSSA-PANCOM®^tt$&^$tt/c*& 
^<*^?i^^bTW^V^PAN«&* (unc omp 
lexed PAN p o w d e r ) i: }^^< Safe's t 
V^^tSK^t^bTV^-So PSSA-PAN*5j;a^PA 
NCOM:6'(Of-^^>^/U;55^jnfKi^;h.)t^. BU#f^2 7 0 
.XAzrC^'7:^^^rxf^o<T^\zn\^X^ PANfi^fbX 

DSC^Stebfc*^. PSSA-PAN^f:±. 3 2 

PSSA~PAN355PAN{c:J:l:U JjPlK^Xfi:/ 
n h >-(D7KWailc<t 19 iS;5^(c:J!ft K-:/ ( d e - d o p 

e) $^^^^<v^r^r-efeSo w^spxjciWfflT-fc^)^^ 

t^;/jp;ir. rne^c^^ftf^s PSSA-PAN:d55>^ 
ft:*rfooT. PSSAi:PANi:<7)^&^i|^W#*(7P*7iS 

30 ^j^^il 1 t^i5V>T'^;S^tLfc P s s A- PA^<rm&i^ 

t^^fz. (g r e e n— tinted) P^^/U--^^. TE 

(F o r mv a r) M^-- h_h{^^SM (c 

a s t e d) -rSo :7^/UA(l. 1 0 0 Kf&te>C^T-*U 
19 . #^S:a5^^:V^ (featureless) <t5 

^}£««l2:^y (2-ri5'y/ur^ K- 2-^^/1-- 1 
->^^^>^>^y^7J^>-®^) t^yr:^y ^'tco^iF^fi*; 

PAMPSA-PAN 

40 '^;*:3. 5 m 1 cor:=:^y V?r. TKy (AMPSA) 
( 1 0%7K^. r?V Ky (A 1 d r i c h) lit: 

Si) 8 0g(^as»Du -^o^mm-^o ^(o^m^. 

1 Om 1 c7)2M5ft^. 1. 5 m 1 (7) 3 0 yoi^^^tTK^S 
tJ^lmlCOO. lM^{bmz:^?:^D-rSo j^Ji. T 

^y:^t^m-a^(cj:»9. m^xzmcr^. m^xznfm 
1. 2 Am(7)7Kri^>rx) o aSiKtix 

fc-So i^CO/Ky (AMPSA) ^ttttJJCcfci^K^^U 
r^y >';^-y =^^-. {S^T*ffi^:^>1^S:)^':)igbjgW 
50 -rSr^r^ci:|?8^|^56bf^:o *eSi^nfc:j§*K«:. o^^y 
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^<7)—:^n2 1 or:T*fo9. fifi^fis 2 ot:T-fc^o r 

tlhv'—^l'i, ±td,^mW:dK mmm (me 1 t p 
r o c e s s) SrfT?^^ 5«i#S:*'t'S ^ i: *r^bTl/> 

So 

[004 11 #ibt^7t«&7Sf±. tK. y^J^y— /k ^i^y 

-So (Fo rmva r) i^>^;^ h 

i^{^TlS-<fCo ^:7^ yui.fi, 1 0 0Kf&l£:^^T**9« 
-TffofP^ (featureless) cfc5{^ 

^^^^0^=1X1^ Y^miSm (colloidal s u 
spans ion) 

ft:^ (PAA-PAN) 

-g-iS : m^CO/Kyr:^ y 71^2 5ml (TyWKy^;/^ 

(A 1 d r i c h) f±Si, M. W. = 9 0 0 0 Oo 2 5 
S*%7K^) 5:2 O Om 1 tOv" h^t Knp'^^' (T 
HP) {^^«?bXi^®/c^iSK«^^#fc. rc^^^i::. 

T:=iy >'^:7KyT>5^yy^®E^50^)^^*;6^?>7:^sy/^' 
$^^#fco 3 Om 1 cOTHFT-211}}^ 
L> il^JC0T:=^y>'^^*U 2 0 0mlCOlM HC 

wmmmL.. nmmmt^:mm^mc^ i[k\^^x\ imi 
(D3 0 %iMmitJi<imRxj^ 5 m 1 5 %mimz,&^^j^m 

m-^f-m^ (dark green) i^S^ftSLfc. 

-i^ (Fisher Scientifi 
c) . Fisherbrand Cat. No. 09 — 
7 9 0 - 2 A. (particle rete 

nt i on) 2-5 Mm) ^m^^Xmi^^^Z.h\Z.^^ 
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ei^^U m^Wmm&. (dark green) ^ 

[0042] ^^^±mm^n.. 2SCOM 

ito ^mrnrnm^ ii:^5 0nm (>^>^-?5/^— 
^v-i/i^^K^O , S$ 2'-5 Mm(0;g:v^:7^:/y/^c?:> 

^^mmf-m^^M (sem) ^^-To m^^^^:/ 

^(Poretics, Co. Cat. No. 1306 

10 8) xnmm'r^:it\c^y)mm^thfca mmn. 

mm2\Z7r:-ti:ofJ:&^5 0 nm^ 1 0 0 — 2 0 
0 nmC0/h^V>:7^:/y/U^'&triSPJ?iBf^ (da r 
k g r e e n) K^^i^T^fo'So i^ilMS^ 

S^^K (TEM) {X i%^y:/T-'>^r>'^^!> 
ffifflfSr if^i^^lfibnycio /J>$v>:7^:/y/KDig@ 
V >:7 >^ y ;\-<rmmm u < ^-TfoS r h \mmky^ ^ 

r^r-foSc rcortfl. TEMP- (An) n^<*CO 

[0043] ap^/.jrBti^co^fi, ®&{t:-jl^3^{l®g 

*«^bT. K^:dS3. 0 OjyT^^/^-5 J:5{-b. 2JcV^ 
T-ia-fh^^X (I I) . ^mX^)^M'l^^:=:-^K^ 

i^yy h/U (in situ spectr 

a) ^m7M^s\zJr^L.^ ^ix-^'nc^;^^^ h/Mcov> 

T(Of^ihS{ft (restpotentialiR. 
P. ) St5pHffi^^l{;^WYco 
30 [ 0 0 4 4 1 ^ 1 {i. ^±m.^ (Rest poten 
t i a 1) (R. P. ) V s. SCE^mc0 7&a^ 
S<d:^^^ hyK^pHS::^o 

[004 5] 

[^1] 
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(1 2) 
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^ h A' HP/V 



1 


0.445 


2.169 


2 


0.259 


1.606 


3 


0.244 


1.240 


4 


0.152 


0.955 


5 


0.014 


-O.Oll 


6 


0.041 


-0.844 


7 


0.463 


1.9d9 


8 


0.472 


1.964 


9 


0.481 


1.950 


10 


0.481 


1.933 


IX 


0.392 


2.257 


12 


0.372 


2.743 


13 


0.332 


3. 484 


14 


0,209 


6.627 


15 


^0.039 


10.911 


16 


-0.06O 


11.370 


17 


-0.070 


11.507 



A. -^^-r-^;^ (P. M. McManus) , yW. 
v^ai-f. ^y^y^-^:y (R. J. Cushman) S^U^ 
rc;:^. v-— . ir^^ (S. C. Yang) , 'J^—TjV 30 

y-ii^^Jl- {}, Phys. Ch 

em. ), 91. 744 (1987) ; T— v?^ 
-Y. y v'ri.-y'V (R. J. Cushman) , f*— , 
^A. (P, M. McManus) ^XJ^ 

. ir^' (S. C. Yang) , v^-^— :^>'^ 
h^T'rDy'-t:^yi-^^:^hV— (J. El 
ectroanal. Chem. ), 291, 335 

(1 9 8 6) ] o mi^tomy^^m^^mt.. r. p. = 

+ 0. 4 4 5S.t;^pH= 2. 1 6 9T'$>^). ^^-^iJ' h/U- 

alTclPJ^j^irr ^ . 3 2 0 n mX*(D^^tmn\ 
8 0 0 nm/O- Vtm/P\^X. i^^hf^^ (:^^^ h/u 
#6) (c omp 1 e x) y ^ -:f ]) /i^t^-^-^myt 

hyU7-- 1 GcDlillCS 0 Onmy<> K^S^ 6 1 0 nm 
CD;&fp]{c:/yi-— v-P^ h 3 3 0 nm(D^yt&t^ 

^ w t Sr^o 50 



[ 0 0 4 6 J la 8 ^g£^B3^coMm£0;:^^^^' V/v^^yf^ 
\z.(}^f^^,\ it)#»coi^Sra^PLTpHl 0. 9 t-f 

Sir. i^-e(c:ffi&stvrv>6pH-mfi:^^^[a cr- 

/P. v^m-Y. iXn.-^>'P> (R. J. Cushman 
e t a 1) , i^^—f-Ji- }^tiT^l)y" 

-J^^^^hy^d. Electroanal. 
Chem. ) , 291, 335 (1986) ] b\^m 
i^, R. P. -0. 03 9 t?^'? b/i-ni 

5) . fe{i«fe{<i^fbLfco M:7^:/yyMi. fc^v^)^ 
^tjffl L^v ^?i^^co^ y T:=. y ^-^c^^ 6 r ^^T-^ . 

A 1 m 1 ^a^D-T'Si: (;^-<i5^ 17), m\^^m^ 

^(Dti^:d5^^14;65<B:V^ri:&^-ft>«7>T*fe6o ^yr 

:=iy >'->Kyg?^**co^^ttf±, y^^^j/i^p%\z.ih\if^ 

#y r:=^y ^/co^rr ^>^i:7Ky (r:^>y/ug?) 

^> i//u» <t CO? I <t .5 xt^ ^ ti.^ t CO ^ 

Lfco 1 O 0 0 0 R PM-effljS'L^5>«IS:fT?'<^V> (AniS;'? 
=m;;^(7> 1 2 0 0 OfSF) . 3n>f Kja^Srgtl^^-^fCo 



(1 3) 
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1>->'r4' C H N 
(%) (5^) (X) 



H-W9^'^hy— :< AZ) tciillo 

/Co 

[004 7] 



C 1 
(96) 



1 5 7.9 3 5. 

2 5 8.1 8 5. 



5 3 6.7 9 

6 0 6.5 8 

g » ^ 



3.0 1 
3.0 4 



1 . 6 4 
2. 64 



1 

2 



<C J COj H> 



aar:^yi^) COra K^^-^Po (PSSA- (C 1 - 
PAN) ) 

M. W. =70000) SmlRrJm-^auT^ 
y^-l. 2ml(D^^5 0mlCOlMHC Ud^PL 

fcc r (D^Jt^M-^mz 3 0 1 m 1 

jslx)' 5 ^o^-fb^zisfe 5 m 1 ^mu bfco 1 mmmm-^ 
[004 81 mmmmm^mmmm^mwLm (t e 

M) ) ffl(7)i^>'yyM5y^i/y KTlfe^LTto K 
SrTEM-r^l^L (^-r^rir^tUd) . »*J100n 

^>>n^t^f*fT?fcv\ stcicomfmfJi : ir-fo 30 

SSJ«tt^ffi<305gL^f47Ky : «ri|;SLFf PAA-PAN 

<DMk\^. m 1 (^^TEMP'^tOANf^-^a ( 1 o a d i 

ng) ^m^^'^^^ihX^h^o 
Hffi^ajS : PAA-PANCOHft-g^^ 

. M. W. =9 0 00 0. 2 5fi4% 40 
tKJ^) 2 5ml^3M HC 1 1 0 0 m Uc® 

j^Lfdo ::cOig'a^ifeliC3 0%Hi202 lml^S:t;55%F 
e C 1 3 3ml ^^L. ^kV>Tr:^y >'3in 1 i: h/U 
3^>'2 5m l:6^C>/<^^^i^^j^DLfCo 4B#PflSiL<J^ 
l$LTBifflSfe(OaSSifeSr#y^ 4 0 0ml(7>7kcf-e2 4 

[00491 :*:^0iJ-Cfi. m-g^J^+B-ee t) . 



6o rcD^ft^T-e, r^y vco;^y rf-x-— (temp^c 
Rm^^ti^xmer^tiib. s^/^^a«>JSr*i-o i^ 

[0 0 5 01 rcoMSfi. Mii-r^-a^fiK^-*5v^T. 

tt-So ai5S^i:bT##^K2(OMv>:7 

jg-r -5 w h . &U^M#APX (stretch proc 

e s s i n g) <Dfz.Mz,:m^\f^'Bz^^mm^mm'^:Lt 

IIJS0^J6 : M. W. =2500 00 -rVy^l^— V^^J 
■v-irLTco^y (TiJ^y/i^) 
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